This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. ABSTRACT We analyzed the transcriptional profile of the Xoo infected bbr1 mutant using a commercial rice gene chip containing 51,279 transcripts. Microarray revealed 92 genes with increased levels of expression and 22 genes with decreased levels of expression in bbr1. Some of the differentially expressed genes were validated by qRT-PCR. Higher expression of defense-related genes and AP2 domain containing transcription factors along with lower expression of reactive oxygen scavenging enzymes may be responsible for defense signaling in the bbr1 upon Xoo infection. The putative target genes of AP2 domain containing transcription factors also showed differential gene expression during Xoo infection, some of which encoded bacterial pathogen resistance-related protein. Induction of AP2 domain containing transcription factors along with up-regulation of their putative target genes during Xoo infection may inhibit pathogen spread in the bbr1. This observation supports the hypothesis that AP2 domain containing transcription factors is involved in the regulation of differentially expressed genes in bbr1.
INTRODUCTION
Rice (Oryza sativa L.) is the most important crop in the world as it feeds half of the world's population. The stable production of rice is affected by biotic and abiotic stress. The rice diseases caused by plant pathogenic fungi, bacteria and viruses are capable of causing heavy loss on rice crop, the global yields of which is annually decreasing by 10-15% (Dai et al. 2007) . The use of resistant cultivars is one of the most important factors used to control diseases.
Because worldwide rice production has been severely affected by bacterial blight (BB) caused by Xanthomonas oryzae pv. oryzae (Xoo), early research efforts have been focused on the utilizing disease resistance (R) genes in rice. Since the first cloning of the R gene Xa21 which confers resistance to Xoo almost twenty years ago (Song et al. 1995) , nearly 30 major R genes for resistance to Xoo have been identified (Kurata and Yamazaki 2006) and five of them: Xa1, Xa3/Xa26, xa5, xa13 and Xa27, have been cloned: (Yoshimura et al. 1998; Iyer and McCouch 2004; Sun et al. 2004; Gu et al. 2005; Chu et al. 2006; Jiang et al. 2006) . Genetic studies of BB resistance have resulted in the development of donor lines carrying major R genes. A number of these donor lines have been used in rice breeding programs around the world. Using transgenic approach, agronomically important cultivars such as IR64 and IR72 have been transformed with the Xa21 gene and field trials of selected lines were successfully undertaken in China (Zhang et al. 1998; Tu et al. 2000) . Further, the Xa21 gene has been introduced into a widely used restorer of hybrid rice in China, Minghui 63, in order to produce BB-resistant hybrid rice with elite agronomic characters (Zhai et al. 2002) .
Mutation breeding is also an important tool for crop improvement. During the past 75 years, more than 3,100 In previous study, six rice mutant lines (M5 generation); TILL300-534, TILL300-537, TILL300-1212, TILL300-793, TILL300-693 and TILL300-651, which present resistant phenotype against Xoo KXO85 were selected from 3000 lines of gamma-ray mutated M3 plants (Lim et al. 2010) . Among selected six mutant lines TILL300-651 (Bacterial Blight Resistance 1; bbr1) showed relatively strong induction of rice R gene Xa21 which confers resistance to Xoo and other rice R genes such as Pi36 and Pi-ta against Magnaporthe oryzae (Lim et al. 2010) . To further understand defense response in the bbr1-Xoo interaction, we profiled the expression of rice genes involved in the phenotype of rice mutant, bbr1, using a commercial rice gene chip containing 51,279 transcripts representing two rice cultivars, indica and japonica.
MATERIALS AND METHODS

Plant materials and pathogen inoculation
'Dongan' seeds (Oryza sativa L. cv. japonica) were allowed to imbibe water overnight at 22ºC and kept on moistened filter paper until germination. Germinated seeds were grown in soil in a greenhouse for 40 days prior to Xoo inoculation.
Bacterial cells of Xoo were suspended in sterile distilled water and the inoculation concentration was adjusted to OD600 = 1.0 (Song et al. 1995) . Rice leaves were inoculated with the bacterial suspension using the leaf clipping method (Kauffman et al. 1973) . For gene expression analysis, leaf samples were collected from untreated control and infected leaves at 10 days after inoculation. The samples were flash frozen in liquid nitrogen and stored at -80ºC.
RNA Isolation and qRT-PCR analysis
Total RNA was isolated from the collected samples using RNaesy mini kit (Qiagen) according to the manufacturer's instruction. Approximately 1 µg DNA-free RNA was used for first-strand cDNA synthesis using the Moloney Murine Leukemia Virus (M-MuLV) reverse transcriptase for quantitative real-time polymerase chain reaction (qRT-PCR; Fermentas). The qRT-PCR reactions were performed using a Thermal Cycler Dice Real Time System TP850 (TaKaRa, http://www.takara-bio.com) and SYBR Premix Ex Taq (TaKaRa). Primer sets prepared at 0.1 μM final concentration were used for a final volume of 25 μL. The thermal profile of the qRT-PCR reactions was 10 min at 95°C, 40 cycles of 5 s at 95°C/20 s at 60°C. Subsequently, a dissociation curve was generated. All reactions were carried out in triplicate. Primers used for qRT-PCR are listed in the Table 1 .
Microarray analysis
The microarray experiment was conducted by the DNA Link Corporation (Seoul, Korea) according to the Affymetrix technical manual (http://www.affymetrix. com/support/index.affx). Total RNAs were extracted from the samples stored at -80 ºC and gene expression was compared between the wild type 'Dongan' and bbr1 mutant with two replicates. Hybridization, washing, staining and scanning procedures were performed as described in the Affymetrix technical manual. The analysis software was the Affymetrix Command Console, R affy-package (2.9.2), Expression Console1.1, DAVID.
